We propose a new methodology to measure exchange rate misalignment for Turkey, which has already undergone a severe economic crisis. We estimate the real exchange rate within a time varying parameter model, where a return-to-normality assumption about the parameters are assumed.
Introduction
Turkey initiated an extensive disinflation program in December 1999, backed and supervised by the International Monetary Fund (IMF). The program exclusively relied on a nominally anchored exchange rate basket and fiscal austerity.
In February 2001, however, in the midst of its implementation, Turkey experienced a sudden currency crisis, which deepened into a severe recession and continued to-date. In what followed, the Central Bank was forced to sell a large portion of its foreign reserves in an attempt to support the Turkish Lira (TL), and finally declared the surrender of the pegged exchange rate system on February 22, thereby unconditionally switching to an exchange system of free float.
An important line of criticism on the 1999 Turkish disinflation program was that it overlooked the structurally fragile characteristics of the banking system, and relied excessively on the short-term capital flows for liquidity generation 1 .
It further ignored the fact that the Lira was already overvalued (by as much as 18 percent in purchasing parity terms 2 ) on the eve of the program's implemen- This observation set forth a new line of argument claiming that the TL was again "overvalued" and that competitiveness of the Turkish exportables was at stake. Setting the ill-founded issue of the meaning of "over"-or "under"-valuation of a currency under the workings of market-determined free float aside, the question is not trivial, as the currency crises witnessed among the emerging economies throughout the 1990's clearly underscored the need for avoiding exchange rates that are incompatible with maintaining sustainable external accounts. After the Mexican, East Asian, and the Argentinean crises in particular, international economists intensified their efforts to understand the behavior and determinants of the real exchange rate in emerging market economies.
Conventionally, the real exchange rate is regarded as "misaligned" if its realized value exhibits a persistent departure from its long run equilibrium trend.
The long run equilibrating value, in turn, is taken to be that rate which, for a given set of "structural fundamentals" is compatible with simultaneous achievement of internal and external equilibrium 3 . It is clear that such an assessment has to go beyond the simple PPP calculations which are wrought with issues of the choice of a relevant price index and a proper base year.
In fact, as noted by Evans and Lyons (1999) , exchange rate economics has already been in crisis following the seminal papers of Rogoff (1983a, 1983b) . Also, the empirical findings on exchange rate misalignment (ERM henceforth) are controversial themselves and suffer from limitations of simplistic assumptions, as mentioned in Edwards and Savastano (1999) . As a result, the literature on exchange rate determination, which would serve us to come up with a model to measure ERM in a developing country such as Turkey has potential conflicts. Therefore, there is need for unconventional approaches to find out the determinants of the real exchange rate and to measure ERM.
In this paper, we attempt to measure ERM in a dynamic time series setting by employing a mean reverting time-varying parameter model. To our knowledge, such a methodology has not been employed before in the literature of ERM. The advantages of such a model will be discussed when the model is introduced in the fourth section.
Another noble idea in this paper is to use data from the field of microstructure finance to determine the real exchange rate. Flood and Rose (1995) argue that the models, that rely on macroeconomic dynamics to determine real exchange rate perform poorly. Evans and Lyons (2002) move in an original direction and introduce the microeconomics of asset pricing. They use order flow data as one of the determinants of the exchange rate and argue that such a specification significantly improves the explanatory power of the model. In our paper we use lagged exchange rate volatility and banking sector's foreign capital flows to account for the dynamics of microeconomic structure of the economy.
We also employ conventional macro-based variables to acquire an appropriate structural picture for the Turkish economy.
The plan of the paper is as follows. In the next section, we briefly summarize the literature on ERM and single equation models, which dominated the field of ERM in the recent years. Following a brief review of the salient characteristics of the foreign exchange market in Turkey in section 3, the model is introduced, and its advantages are discussed in section 4. After presentation of the estimation results, we conclude in section 5.
Literature Review
As Kaminsky et al. (1998) mentions, the overvaluation of exchange rates has been a potential predictor of currency crisis in emerging economies. Also Cottani et al. (1990) and Ghura and Grennes (1993) find evidence for strong positive relationship between ERM and lower economic growth. These findings suggest that there are potential gains from analyzing the dynamics of ERM.
The literature on ERM follows two distinct paths: PPP-based models and single equation models. Models using the PPP-based definitions of the equilibrium exchange rate are known to suffer from their lack of empirical fit in the short and medium term horizons (Frenkel 1981 , Meese and Rogoff 1983a , 1983b Although single equation models dominated the field of ERM in the recent years, they also have serious shortcomings. These are discussed at length by Edwards (2001) and Edwards and Savastano (1999) . First, these models implicitly assume that the real exchange rate is in a stable equilibrium during the period under the study, which need not be the case. Second, the role of debt accumulation and current account dynamics are often ignored. Third, most of these models do not specify any relationship between the real exchange rate and other key macroeconomic variables. Fourth, as mentioned in Baum and Barkoulas (2001) , Error Correction Models, which are widely used in single equation models may not be appropriate due to fractional behavior in the disequilibrium term. Finally, as emphasized in Evans and Lyons (1999) , most of the empirical studies on exchange rate economics rely on macroeconomic data, and ignore some of the key micro-based data, like the order flow, which reflect the buying/selling pressure on the exchange rate. Moreover, the banking sectors in many emerging countries breed volatile capital movements, which may significantly affect the exchange rate dynamics in the domestic asset markets.
This study takes the above mentioned criticisms as its starting point and introduces a dynamic time series model to explain the exchange rate misalignment in Turkey within a single-equation framework. The advantages and possible shortcomings of employing such a model and the variables used will be discussed in section four below. We now turn to a brief discussion of the recent developments of the Turkish economy.
3 Patterns of the Turkish Exchange Rate over the 1990s. (2000), and Yentürk (1999) for instance, point out that important fragility indicators such as the ratio of short term foreign debt to Central Bank reserves, and the standard ratios of financial deepening revealed that the Turkish foreign exchange market was not yet ready for graduation for opening up to the speculation of international arbiters.
We report the main parameters affecting the Turkish foreign exchange market in Table 1 . As can be seen, Turkey continued to display significant fragility with short term foreign debt to CB reserves 4 exceeding 100%, and M2Y to CB reserves over 300%.
To this fragile picture, an added set of pressures originated from the public sector's increased borrowing requirements (PSBR). In fact, with the advent of full-fledged financial liberalization after 1989, the PSBR financing relied exclusively on issues of government debt instruments (GDIs) to the internal market, especially the banking sector. The stock of domestic debt was only 6% of the GNP in 1989. It grew rapidly and reached to 42.8% in 1995, and to 59.1% in 2000 (Table 1 ).
hInsert Table 1i The underlying characteristic of the domestic debt management was its extreme short-termism. Net new domestic borrowings, as a ratio of the stock of domestic debt continued at a pace of above 50% for most of the decade.
Thus, the public sector has been trapped in a short term rolling of debt, a phenomenon characterized as Ponzi-financing in the fiscal economics literature.
For this scheme to work, however, domestic financial markets necessitated the continued inflow of short-term capital inflows. Thus, the episode of hot money inflows should be interpreted, in the Turkish context, as the long arm of fiscal policy, overcoming credit restraints and monetary constraints of the monetary authority.
In fact, with the implementation of positive interest rates, and the new possibility of foreign exchange accounts, the advance of financial deepening for the private households has meant increased foreign exchange deposits with substantial currency substitution. Thus, it can be stated that the "pioneers of financial In what follows, the program announced that the rate of currency depreciation would be set according to a pre-announced calendar, thereby setting the course for the evolution of the exchange rate throughout the year. For this pur-pose, the CB declared an exchange rate basket consisting of 1US$ + 0.77 Euro, and announced a daily calendar of depreciation rate which adds up to a cumulative 20 percent by the end of 2000. The pre-announcement of the exchange rate depreciation according to such a tablita was regarded as the backbone of the program in its attempt to break the inflationary inertia of three decades.
The Turkish disinflation program suffered further from the unavoidable appreciation of the Lira, and together with the elimination of exchange rate risk, it was regarded as a clear sign for increased foreign borrowing. The rapid escalation of the stock of foreign debt mostly originated from increased short term borrowing which, as under most circumstances, was exercised at a rate exceeding the social optimum. Given the fragile environment it was set in, the 
The Model
A mean-reverting time-varying parameter model is employed to measure ERM for Turkey. Such an approach has several desirable characteristics: The coeffi-cients of the variables which determine the equilibrium real exchange rate are allowed to deviate from their sample mean over time. Therefore, the real exchange rate need not be in a stable equilibrium over the period considered. Such an approach will not face the criticism that Edwards (2001) 
Time-Varying Parameter Models
Time-varying parameter models have been extensively used in the macroeconomics and finance literature (See Hamilton (1994) for a detailed discussion and literature survey). These models are extensions of state space models where a powerful recursive algorithm, Kalman Filter, is used for estimation purposes.
The general form of such models are presented in the Appendix.
As discussed before, the model that will be employed to measure exchange rate misalignment is a mean-reverting time-varying parameter model, where the variables that are assumed to affect equilibrium real exchange rate have varying coefficients over time. Such a formulation allows us to track the changing effects of different micro-based and macro-based variables on the real exchange rate.
Moreover, the difference between the estimated real exchange rate with changing parameters each period and the real exchange rate itself will give us a measure of the exchange rate misalignment. The model can be defined as:
where y t is the real exchange rate, X t is (k × 1) vector that includes the regressors. These regressors are lagged values of the real exchange rate, exchange rate volatility, short-term capital movements, and conventional macro variables.
The regressors are independent of w τ for all τ . If the eigenvalues of (k × k) matrix F are inside the unit circle, then − β is the average (steady state) value for the coefficient vector. It is also assumed that
Then the last three equations are recognized as a state space model of the form with state vector ξ t = β t − − β. The regression can be written as
Note that we can also generalize the state equation to a p th order Vector Autoregression (VAR) for the coefficient vector β t by defining ξ which is the observation equation of the form y t = a(X t ) + [H(X t )] 0 ξ t + w t with a(X t ) = X 0 t − β, H(X t ) = X t and R(X t ) = σ 2 . Then, these values can be used in the Kalman Filter equations described before.
In this case, the log-likelihood function to be maximized will be as:
Data and The Estimation Technique
Our data consist of two parts: micro-based variables and conventional macro variables. All of the variables are monthly observations. The variables that we used in performing the analysis include exchange rate volatility (used as a proxy for the order flow data that Evans and Lyons(1999) use in their study), short term capital movements, industrial production, inflation based on consumer price index, monthly budget balance of the public sector, openness, and lagged values of these variables.
Exchange rate volatility is obtained as the standard deviation of daily exchange rate observations in a month. Openness is the ratio of the sum of exports and imports in the gross domestic product. For the short term capital flows, (CREDIT) we have implemented two alternative data specifications: monthly volume of gross versus net short term foreign credit obtained by the banking sector. The distinction between gross versus net flows of foreign capital is not trivial, and our underlying motivation is to capture their differential impact of the CREDIT variable on the agents' perceptions of availability of short term capital as well as the fragility embedded in its volatility. This distinction is convincingly emphasized in Tobin (2000 Tobin ( : 1101 Tobin ( -1102 where he argues that "(i)t is only the net transfers that carry the economic benefits. (Yet) it is the gross, speculative transactions which carry with them the destabilizing effects leading to financial crises and severe real economic downturns. Given that exchange rate volatility is directly affected from the gross volume of capital flows and that currency appreciation is regarded as one of the key indicators of a culminating financial crisis (see, e.g. Calvo and Vegh, 1999, Kaminsky, Lizondo, and Reinhart, 1998), we find it important to address both considerations by distinguishing two alternative modeling specifications over the CREDIT variable. For robustness check, we used alternative measures for inflation, output and short term capital movements. Finally, the sample period is between January 1992
and December 2001.
The first step in the estimation process is to select the appropriate model to estimate real exchange rate. Akaike Information Criteria (AIC) and Schwarz Information Criteria (SIC) were used for this purpose. Among many models estimated, the best model, which gave the lowest AIC and SIC values is found as:
where rer t is the real exchange rate at time t , ervol is the exchange rate volatility, ip is the industrial production, cpi is the inflation based on consumer price index, Creditnet is the short-term net capital flows.
The simple OLS estimates for this equation along with the test statistics can be seen in Table 2 .
Table2 states that all variables employed are significant except the first lagged value of the industrial production. Other than the first lagged value of the real exchange rate, the most important variable in determining the real exchange rate is exchange rate volatility, which also has the expected sign. An increase in the volatility of the real exchange rate in the last period leads to a depreciation of Turkish Lira in the next period, most probably through an expectations channel. It is worth remembering that one of the most important determinant of the exchange rate in Evans and Lyons (1999) was order flow data, for which we used exchange rate volatility as a proxy. Another surprising result is the unimportance of net short term capital movements. Although it is statistically significant at 10% significance level, its effect on real exchange rate is negligible.
The next step is to formulate the state space system and obtain time series for each coefficient. The state space system can be written as:
where X t is the 9 × 1 vector of regressors. As mentioned above, we assume return to normality assumption for the evolution of the coefficients.
After the state space system is estimated via Kalman Filter, the series for each of the nine coefficients are obtained. However, since we use lagged values in estimating the real exchange rate equation we have less than 120 observations for the coefficient series.
The next step is to generate an implied real equilibrium exchange rate. This can be done simply by multiplying each period's coefficient vector with the regressor vector. Then, in the final phase, the difference between the real exchange rate and the generated (implied) real exchange rate gives the level of the exchange rate misalignment based on the structure of our model.
Formally, erm t = rer t − grer t , where erm denotes the exchange rate misalignment. If erm ≺ 0, then it means that The Turkish Lira is structurally undervalued. It is structurally overvalued when erm Â 0. The graph for erm can be seen in Figure 4 at the end of the text. Also, the generated erm series is presented in Appendix 2.
Our results indicate that following the crisis in 1994, The Turkish Lira remained mostly overvalued until the beginning of 1998, in the aftermath of the Asian crisis. After then, we mostly observe an undervalued Lira until the end of 1999. At that point, the negative effect of the Russian crisis and the earthquake are worth mentioning. In December 1999, the IMF-backed disinflation program was introduced. An overvalued currency was targeted to reduce inflation at early stages of the program. However, we find that the Lira was structurally 
Robustness Check and Alternative Specifications
To understand whether the results presented above is sensitive to alternative specifications, we performed the analysis using several other variables. We used monthly GDP, and monthly inflation based on wholesale price index, as alternatives to variables ip and cpi. Moreover, we included two other measures of net short term capital movements.
One important result of this exercise regards the significance of short term gross capital inflows, as an alternative to net capital flows. Such a finding supports the hindsight put forth by Tobin (2000) . Also, it is worth mentioning that the effect of exchange rate volatility has decreased and its significance was reduced dramatically when gross capital inflows was used in the regressor vector.
The state space system is estimated also by taking the model in Table 3 as the observation equation. However, the log-likelihood of the model was found to be much lower than the original specification and most of the coefficients turned out to be not statistically significant.
Furthermore, two alternative specifications about the evolution of the parameters of the model were estimated. These specifications assume "random walk", and "constant mean", respectively. These can be formulated as:
After the system is estimated with each of these specifications, it is observed that the system with random walk assumption had a very high negative likelihood value, which makes it inferior to the original model. Also, the estimated exchange rate misalignment using the "random walk" assumption predicted deviations of very small magnitude than the real exchange rate, which reduces its plausibility. On the other hand, the estimation with the "constant mean" assumption was cumbersome, and no reasonable results could be obtained due to a singular matrix in the Kalman Filter updating equation.
As a consequence, the above analysis reveals that the original specification presented in the previous subsection is robust to the usage of several alternative variables, and it gives the most reasonable results when compared with other models assuming "random walk" and "constant mean" assumptions about the evolution of the parameters over time.
Conclusion
The purpose of this paper was to come up with a measure for real exchange rate misalignment for Turkey, which has already undergone a severe economic crisis.
However,the conventional PPP models can not successfully explain the dynamics of exchange rate, at least in the short and medium run. Single equation models are proposed as an alternative to have a measure for exchange rate misalignment.
However, these models also have shortcomings, as highlighted in the literature.
This paper takes these criticisms as its starting point and employs a time-varying parameter model within a single equation framework for Turkey. We assume a return-to normality assumption about the parameters, generate an implied real exchange rate series by multiplying the parameter vector with the regressor vector for each period. Then, the difference between the real exchange rate and the implied rate gives a measure of exchange rate misalignment.
It is found that, following the economic crisis in 1994, the Turkish Lira was 
Appendix1: Time-Varying Parameter Models
Time-Varying parameter models can be written as:
where the first equation is called as the state equation and the second one is the observation equation. F (X t ) is r × r matrix, whose elements are functions of X t ; a(X t ) is an n × 1 vector-valued function, and H(X t ) is an r × n matrix- 
It follows from the above equations that ·µ ξ t y t |X t , Y t−1 ¶¸i s normally distributed as:
Finally, in order to estimate the parameters of the system, we execute the Kalman Filter, which can be defined by the following updating equations:
These last four equations constitute the Kalman Filter equations. 
